In a recently proposed multi-Higgs extension of the standard model in which discrete symmetries, A 4 and Z 3 are imposed we show that, after accommodating the fermion masses and the mixing matrices in the charged currents, the mixing matrices in the neutral currents induced by neutral scalars are numerically obtained. However, the flavor changing neutral currents are under control mainly by mixing and/or mass suppressions in the neutral scalar sector.
I. INTRODUCTION
One of the main motivations to go beyond the standard model is to have some hints about the flavor problem, that is, to understand the pattern of fermion masses and mixing.
Most electroweak models have mass matrices of the form M αβ = i (Γ i ) αβ Φ 0 i , where the Γ i s are, for Dirac fermions, arbitrary complex dimensionless 3 × 3 matrices, and Φ 0 i denotes the vacuum expectation values (VEVs) of the neutral scalar fields in the model.
For Majorana fermions, the Γ i s are complex symmetric matrices. The mixing matrix and the mass pattern in each charge sector depend on the structure of the respective Γ i s. It is well known that explicit and predictive forms of these matrices can be obtained by imposing flavor symmetries. In particular, most of the ansatze for the fermion mass matrices are of the form [1] 
and other textures which have in common the fact that the zeros appear in symmetric entries. Recently, it was proposed an extension of the electroweak model with A 4 and Z 3 discrete symmetries, in which the quark mass matrices have the following texture [2] 
where the zeros occur in non-symmetrical entries.
II. QUARK MASSES AND MIXING IN MODEL WITH A 4 SYMMETRY
We consider a model with G SM ⊗A 4 ⊗Z 3 ⊗Z ′ 3 ⊗Z ′′ 3 symmetry, where G SM is the standard model (SM) gauge symmetry, SU(3) C ⊗ SU(2) L ⊗ U(1) Y . In [2] quarks and leptons were considered briefly. Here we show a more detailed study in both sectors. Let us begin by considering quarks. The model needs twelve SU(2) doublets, four triplets of the A 4 symmetry: H ≡ (H 1 , H 2 , H 3 ), and Φ ≡ (Φ 1 , Φ 2 , Φ 3 ) for the masses of the u-quarks;
) for the masses of the d-quarks. We also introduce a complex scalar singlet ζ [2] .
Fermion weak eigenstates transform under (
in which ω = e 2πi/3 , and
All fermion fields in (3) are symmetry eigenstates. Notice that, assuming the usual ordering of Q iL , the A 4 symmetry will allow, after its breaking, to distinguish among the right-handed quark components. The scalar fields transform under the same symmetries as:
The notation in the scalar sector is slightly different from that in [2] .
With these fermion and scalar fields, and the discrete symmetries above, we have the leading Yukawa interactions in the quark sector ones. In fact, A = s + a and B = s − a. We choose to have some fields which products are in A (or s), and others in B (or a). We assume this, firstly, because in global symmetries it is not mandatory to use all the product representation allowed by the symmetry and, secondly, because that choice may be explained by an underlying still unknown dynamics. Notice that the A 4 symmetry imposes only two dimensionless Yukawa couplings in each charge sector.
We assume that V /Λ ≪ O(1), where V denotes any VEV of the model and Λ is an energy scale characterizing an unknown physics. Notice that the model has flavor changing neutral currents (FCNC) since several Higgs doublets contribute to the masses of a given charge sector [4] .
The renormalizable interactions in (5) induce diagonal interactions in the weak basis which explicitly read
All scalar doublets are of the form (x
On the other hand, the non-renormalizable interactions (5) are written explicitly as
The mass matrices obtained from Eqs. (6) and (7) are
for the u-type quarks, and
for the d-type quarks. The texture of these matrices are different from those of other multiHiggs models like the private Higgs in [5] , and we stress that they are a consequence of the A 4 symmetry and, mainly, of the choice of the representation A or B. Above we have
, for the 2/3 and −1/3 charged quarks, respectively, and
, and ζ = v ζ . For the sake of simplicity, all parameters in Eqs. (8) and (9) have been considered real. Notice that since each charged sector has its private VEVs, these matrices are independent from each other.
Here we will show, numerically, that with the mass matrices (8) and (9) it is possible to accommodate the observed masses and the mixing matrices in the quark sector. These mass
, q α denotes the quark mass eigenstates of the respective charge sector, q α = u, c, t for quarks with electric charge 2/3 and q α = d, s, b for for quarks with electric charge −1/3. We obtain the unitary V U,D L,R matrices, by solving the matrix equations:
using as input parameters those VEVs, a q and h q , appearing in M U , M D , which give the observed quark masses at an appropriate energy scale (the Z mass in the present case) and the Cabibbo-Kobayashi-Maskawa quark-mixing matrix, defined as
L . The latter one is such that, at least in the context of the SM, the mixing between the first two families is almost scale independent and for the third family V cb and V ub change at the level of 13-16% between m t and 10
15 GeV [6] . Here, therefore the V CKM will be considered scale independent.
Since the mass matrices (8) and (9) are predictions of the model, they are valid at the energies at which all symmetries of the model are realized, i.e., at the electroweak scale.
For this reason, we use the running quark masses at µ = M Z , taken from Ref. [7] , for light 
We compare this matrix with the global fit of the magnitude of the V CKM elements given in 
Considering the elements of V pdg CKM , we note that the V CKM in Eq. (12) has all its entries within 1-σ but the V td , which is within 1.7-σ. We recall that at present there are several discrepancies between experiments and the standard model at the tree level that are about 3σ standard deviations [10] . Notice that we are not considering CP violation in our analysis. This is because in our framework the CP violation issue is more complicated than in the SM case since in our model there are more CP violation phases. Although we can perform the usual phase redefinition in the left-handed fields of the charged currents, in order to obtain the full, single-phase, V CKM matrix, many CP violating phases will still be present in the Yukawa interaction Lagrangian. We find that this subject deserves a separate study.
In the same way we have obtained, from (10) 
The matrices above will appear in flavor changing neutral currents in the Yukawa interactions.
Notice that the mass matrices in Eqs. (8) and (9) R . However, if CP violation is allowed, it is necessary to chose a weak basis [11, 12] in order to eliminate some extra phases which may be difficult to measure. 
2 ). The other three doublets have interactions, which are suppressed by the scale Λ, will not be considered.
On the other hand, the neutral scalar weak eigenstates ϕ ′0 α are linear combinations of the neutral scalar mass eigenstates, h 0 n , i.e., ϕ ′0 α = n U αn h 0 n , α, n = 1, 2, 3. This is in fact a simplification, since the model has several doublets, but it may be assumed (for the sake of simplicity) that in each charge sector there are three doublets which give the more important effects. It means that the mixing matrices in the full scalar sector may be almost block diagonal, with each one related to a given fermion charge sector.
The suppression of FCNC can be obtained at least with a reasonable fine tuning in the mixing parameters or by considering heavy enough the charged and neutral scalars. We consider some examples just for illustrating this point. The contributions of the neutral scalars to the ∆M K put the strongest constraint on some of the parameters of the model. 
where we have assumed h D real and defined (11) and (14), respectively.
Thus, the interactions in (15) can be rewritten as
and the effective Hamiltonian contributing to K 0 ↔K 0 transition is given by
In the vacuum insertion approximation K 0 |(sd)
Using (up to some phases) [13, 14] 
we obtain the following extra contributions to ∆M K due to the neutral scalar
where
where we have used only the main contributions in (16) . There are also similar contributions induced by the pseudoscalar, A 0 n . For illustrative purposes we showed above only the scalar contributions.
Notice that, in the present context, in (16) only the matrix elements U αn are not known yet and that, independently of the mass eigenstates h 0 n , U 1n will not be constrained by processes like ∆M K . In order to be consistent with data Re n ζ n sd must be smaller than the contribution of the SM: i.e., Re ζ (21) 15Re
Even if for a given n, m n = 100 GeV, there are two different ways for each term in (22) to satisfy the constraint: a) all parameters involved are of the order of 10 [9] . In this case, the quark interactions in-
c., and we recall that, in this model, leptons have their own scalar sector with the Yukawa inter-
Here,Ĥ denotes the triplet of A 4 formed by three scalar doublets (see below). For muons it means g l µ L µ RĤ 0 3 , and the muon mass is given by m µ = g l ĥ 0 3 ≡ g lv3 . In the scalar potential the scalar triplet H mixes with the scalar triplets related to the quark sector only by quartic terms like
This implies terms like λ 1 v 2v3 in the mass matrix in the neutral scalar sector and, in the weak basis a mass insertion implies that the propagator becomes λ 1 v 
and we have used the mixing matrix elements (V D L ) db and (V D R ) ds from (11) and (14), respectively. All parameters in (23) The analysis of the FCNC in this model is similar to that of Ref. [16] in which two doublets were considered.
The lepton sector. In the lepton sector the discrete symmetries are the same as in the quark sector. Leptons transform under
3 as follows:
and the leptophilic scalars transform under those symmetries as
The Lagrangian of the lepton sector is given by (see the notation in [2] ):
where g l , g ′ l , f ν and f ′ ν are dimensionless Yukawa couplings and Λ an energy scale which may be, or not, the same as that in the quark sector. The mass matrix for the charged leptons is almost diagonal:
2 ), where Ĥ i =v i . In this case the renormalizable interactions are dominant, i.e., g lv1 ≃ m τ , g lv3 ≃ m µ e g lv2 ≃ m e .
Neglecting the contributions proportional to g 
On the other hand, the mass matrix for the neutrinos is nonzero θ 13 angle. Notice that if we assume that L(H ′′ ) = L(T ) = −2, and the other scalars having L = 0, the interactions in (26) conserve the lepton number. However, there is no Majoron since the A 4 and Z 3 symmetries allow terms in the potential which break explicitly the lepton number. For instance, [
As in the quark sector, there are also FCNCs in the lepton sector but they will be considered elsewhere.
Conclusion.
Motivated by the different mass scales in the quark and lepton sector we propose a model in which each charge sector has its own Higgs scalars which acquires appropriate VEVs. In this case, in order to induce the respective fermion masses, the Yukawa couplings do not need to have a large hierarchy among them, i.e., all of them may be of the same order of magnitude [2] . The hierarchy is translated to the values of the VEVs but these could be, in principle, explained by the minimization of the scalar potential. In fact, it was shown in [8] that this is indeed the case, for three scalar doublets.
Matrices like those in (1) are written in terms of dimensionless parameters. This is because in the context of the SM, where these ansatze have been usually studied, the mass scale is already determined by the VEV v SM = (G F /2 √ 2) 1/2 but in multi-Higgs models only i v 2 i which satisfies this constrained. This is the case of the model in Ref.
[2] that we are considering here, and all VEVs are considered parameters to be fixed only by the fermion masses in each charge sector. We recall that we are not considering physical phases, but V U,D L,R may have the number of phases that are allowed for an arbitrary unitary matrix. We allow that in the V CKM matrix only one physical CP violating phase to survive after redefining the quark fields.
Another concern is if the suppression of the FCNC effect at low energies is stable up to higher energies. The answer is yes, at least for the case of a general two Higgs doublet model [19] . Moreover, QCD corrections [20] have also to be considered at the next-to-leading order [21, 22] . This has been done in the 2HDM in the context of natural flavor conservation and minimal flavour violation in Ref. [23] . A similar analysis in the context of models with at least three scalar doublets with or without extra symmetries, say A 4 , S 3 , will be considered elsewhere.
